We analyzed the magnetic helicity injection in NOAA Active Region 8011 with the method proposed by Kusano et al. (2002) . It was found that the helical geometry of a sigmoidal loop in this region is consistent with the magnetic helicity injected from the foot points of the loop. We also made a statistical study of the correlation between X-ray intensity and magnetic helicity injection. We found that the sum of the absolute values of the magnetic helicity injection shows good correlation with the X-ray luminosity. The estimated flux of magnetic free energy injection is not highly correlated with the X-ray flux, because the former quantity is overestimated in our simple method.
Introduction
Sigmoidal loops are believed to be closely associated with flares, coronal dimmings and coronal mass ejections. Sigmoidal loops look more twisted than ordinary coronal loops, and may have a large amount of stored energy. However, they are defined from morphology, and little is known about their physical parameters. Recently Kusano et al. (2002) proposed how to quantitatively evaluate the magnetic helicity injection. We adopted their method and studied the evolution of sigmoidal active regions with emphasis on the magnetic helicity injection. Vector magnetograms obtained with the Solar Flare Telescope of NAOJ and SOHO/MDI magnetograms were used.
In some images taken by the soft X-ray telescope (SXT) of Yohkoh, areas bright in X-rays are sometimes smaller than areas of strong magnetic fields. The magnetic helicity injection implies the injection of magnetic free energy, so that the areas of strong X-ray emission are expected to coincide with the areas where the magnetic helicity injection is larger. With this in mind, we investigated the correlation between the X-ray luminosity and the magnetic helicity injection in many active regions.
Magnetic Helicity Injection and a Sigmoidal Loop

Active Region 8011
The NOAA Active Region 8011 appeared on 1997 Jan 14, and disappeared around Jan 20. Figure 1 shows the longitudinal magnetic field distribution and the time profile of magnetic flux for the period we analyzed. Figure 2 shows an SXT image (AlMg filter) and the distribution of magnetic helicity injection. This SXT image indicates that a sigmoidal loop had positive magnetic helicity. The injected magnetic helicity at the foot points has positive sign before the appearance of the sigmoidal loop. Figure 3 shows the time profiles of magnetic helicity injection and the time-integrated magnetic helicity summed over this region. No particular event is seen before the appearance of the sigmoidal loop (around 16:15 UT on Jan 16). Therefore, next, we investigated whether the magnetic helicity injection around the foot points can account for the magnetic helicity of the sigmoidal loop.
Magnetic Helicity of a Sigmoidal Loop
We estimated the magnetic helicity of the sigmoidal loop with the following method. First, we derived the helicity parameter α of the sigmoidal loop from the SXT image (Pevtsov, Canfield, & McClymont 1997) . Second, we calculated the magnetic helicity of the sigmoidal loop by using the magnetic flux tube model of Longcope & Welsch (2000) ,
where H R is the relative magnetic helicity, L l is the length of a magnetic flux tube, and Φ is the magnetic flux. We assumed that L l is nearly equal to the separation of the foot points and Φ is the mean magnetic flux of 10 × 10 arcsec 2 regions around the foot points of the loop. As a result, the magnetic helicity of the sigmoidal loop is found to be about 0.7 × 10 23 Wb 2 , and the magnetic helicity injected from the foot points over 96 minutes (the cadence of MDI magnetograms) is 1.0 × 10 23 Wb 2 . Although there is some ambiguity in the way to estimate the magnetic helicity of the sigmoidal loop, it is promising that these values are consistent with each other. We may conclude that the helical geometry of the sigmoidal loop is due to the magnetic helicity injection from the foot points.
Magnetic Helicity Injection and X-Ray Luminosity
Some SXT images show higher X-ray intensities where the magnetic helicity injection is larger than the surroundings. We analyzed the magnetic helicity injection of 158 data samples (68 active regions), which were observed with the Solar Flare Telescope from 1997 to 2000. Total X-ray luminosities were obtained from SXT images averaged within 12 hours of magnetograph observation, and we assumed that active regions have a single temperature, 3 million K (Fisher et al. 1998) . Fisher et al. (1998) found that the X-ray luminosity better correlates with the magnetic flux of active regions than other physical parameters. Figure 4a is similar to Fisher's plot. Figure 4b shows that the correlation between the X-ray luminosity and the net magnetic helicity flux is poor. Next, we computed the sum of the absolute values of the magnetic helicity injection (unsigned magnetic helicity injection, Fig. 4c ). This figure shows the correlation as good as Fig. 4a . It is also known that X-ray flare activity is highly correlated with the unsigned magnetic helicity injection (T. Maeshiro 2003, private communication) . Figure 4d shows the correlation between the X-ray flux and the magnetic free energy flux per unit area. Here the magnetic free energy flux (erg s −1 cm −2 ) is estimated as the unsigned magnetic helicity injection (Wb 2 s −1 = 8π × 10 16 erg s −1 cm) divided by the typical scale length cubed. The typical scale length is assumed to be the square root of the area of MDI magnetic field stronger than 30 gauss. The correlation coefficient r c (= 0.22) is not very high, although the probability of obtaining this value from uncorrelated samples is below 1 %. The reason for this low correlation may be that our simple method overestimates the magnetic free energy flux. Typical values of free energy flux (10 9 erg s −1 cm −2 ) and active region area (10 20 cm 2 ), lead to an energy of 10 32 erg in about 1000 s, which is the energy of largest flares. We must develop a more accurate estimation of the magnetic free energy flux expected from magnetic helicity injection.
Conclusion
We analyzed the magnetic helicity injection in active regions. Strong magnetic helicity injection was seen around the foot points before the appearance of the sigmoidal loop. The observed rate of the magnetic helicity injection explains the helical geometry of the sigmoidal loop. Our statistical study shows that the X-ray luminosity of active region is correlated with the unsigned magnetic helicity injection. The correlation between the X-ray flux and the estimated magnetic free energy flux is poor, probably because our method to evaluate the free energy flux is too simple.
